Abstract-Acoustic signals propagated in deep ocean ducts are geometrically (or modally) dispersed. The effects of the dispersion on coherent signal processing is examined in this paper. Using a model, which for long range-deep ocean propagation has been shown to adequately predict dispersion measures, it is determined that the effects of dispersion on the bandwidth of the signal are small. However, in coherently correlating spectrally separated but related signals, the effect on the allowable integration time is significant. Curves relating the allowable integration time as functions of frequency and range rate between the source and receiver are presented.
I. INTRODUCTION
A COUSTIC signals, when propagated in ducts or refractive media, are geometrically or modally dispersed. For signals propagated in the deep ocean the effects of dispersion are small and for many applications can be ignored. However, if one wishes to coherently process these signals, then dispersion may have a significant effect. This is especially true in coherently processing broadband signal transmissions and signal transmissions received on spatially separated sensors. Assuming that broadband signals can be decomposed into a band of discrete spectral components, the effects of dispersion can be studied by measuring the effects on spectral pairs of components. In this paper we use a standard ocean acoustic propagation model [I] to estimate dispersion induced degradations on coherent processing of spectrally separated signals. This model has previously been used to study the effects of dispersion on CW signals [2], [3] and has been shown experimentally to adequately predict dispersion in longrange deep-ocean acoustic propagation [4] .
COHERENT PROCESSING
To determine the effects of dispersion, we will assume that a distant source transmits two sinusoidal signals that are spectrally separated but have a fixed frequency relationship ( f 2 = q f i t q > 1). Since we are only interested in dispersion, the received signals are assumed noise free and of the form R1(0 = A 1 ( 0 exp [ i h f + 41 (01, and
We assume that wj = 2n(l + a ) f j for j = 1, 2 where CY is the Doppler ratio due to source-receiver motion. Hence w2 = q w l , q > 1 also holds for the received signals. 
where tlq means that the phase of R1 has been multiplied by q and T i s the integration interval.
Two parameters of interest when calculating the correlation are the bandwidths of the received signals and the integration time T. In the following we will obtain estimates of the effects of dispersion on each parameter and the resulting degradation of .the correlation function.
MODEL
All model calculations used in this paper are fully reported in [2] and [ 3 ] . They use the range independent sound speed profile and geometry depicted in Fig. 1 . The NRL normal mode model [l] was used where the surface was assumed flat and perfectly reflecting and the bottom was assumed flat and perfectly absorbing. Fig. 2 (Fig. 2 of Ref. 1) is the normal mode evaluation of the acoustic field over the range 1000-1100 km for the four frequencies 10, 20, 40 and 80 Hz. An estimate of the linear phase variation with range has been removed in order to clearly show the nonlinear phase effects caused by modal dispersion. The model calculations have assumed the source to be at a set of fixed ranges (i.e., no motion). The received signal is then assumed to be equivalent to moving a receiver through the calculated field. Calculations made using modified wave numbers [5] corrected to first order in the ratio of source speed to mode group velocity resulted in negligible changes in the variations of the acoustic field for reasonable source speeds.
IV. ANALYSIS
The instantaneous frequency of the received signals is of the form From Fig. 2 we estimate the maximum of (l/w)d4/dR (excluding "instantaneous" jumps of T) to be on the order of 1 where we have used the observed smallness of (R/u)d+/dR. Hence that the difference between them was statistically insignificant. In Fig. 3 (Fig. 42 of Ref. 3 ) is depicted the resulting average histogram of dqR which is assumed to be independent of q and the signal frequencies used. From (2) . 
V. SUMMARY AND CONCLUSIONS
We have evaluated the effects of modal dispersion on acoustic CW signals propagated in the deep ocean to long ranges. The model used for this evaluation has been experimentally validated. It was found that the effect of dispersion on the bandwidth of the signal was small, but in the coherent processing of two signals, the degradation of the correlation function is highly significant if one uses an improperly long integration interval. This interval can be less than a minute for some signal conditions. The calculations herein considered a source that transmitted two CW signals with a fixed frequency ratio and reception at a single receiver. However, the effects of dispersion on correlations between signals received on spatially separated receivers (interarray processing) will be similar. These effects will be investigated in future work.
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